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57 ABSTRACT

A variable speed unit is driven by a drive unit to make a
tooth-missing large gear of a sheet feed tooth-missing stage
gear mesh with a small gear of an input stage gear rotating at
a constant speed, to then rotate a rotating shaft of the feeding
roller and a cam at a first speed to lift an intermediate plate. If
a sheet stacked on the intermediate plate is pressed against the
feeding roller, the variable speed unit makes a large gear of
the input stage gear and a tooth-missing small gear of the
sheet feed tooth-missing stage gear mesh with each other, so
that the rotating shaft of the feeding roller is rotated at a
second speed faster than the first speed to rotate the feeding
roller at a fast speed.

8 Claims, 10 Drawing Sheets
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FIG. 5B
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1
SHEET FEEDING APPARATUS AND IMAGE
FORMING APPARATUS

TECHNICAL FIELD

The present invention relates to a sheet feeding apparatus
and an image forming apparatus, and particularly, to a con-
figuration for reducing the noise when a sheet abuts against a
feeding roller during sheet feeding.

BACKGROUND ART

In the related art, image forming apparatuses, such as copy-
ing machines and printers, includes a sheet feeding apparatus
that feeds out a sheet toward an image forming unit. Such a
sheet feeding apparatus includes a liftable intermediate plate,
and a feeding roller, and is adapted to lift the intermediate
plate by the rotation of the feeding roller to press a sheet on the
intermediate plate against the feeding roller, and feed out the
sheet as the feeding roller rotates in this state.

Here, as a configuration for lifting the intermediate plate by
the rotation of the feeding roller in this way, for example,
there are those adapted to fix a cam to a rotating shaft of the
feeding roller and to bring this cam into pressure contact with
a pressure-contact portion provided at the intermediate plate
biased by a spring (refer to Japanese Patent Application Laid-
Open No. H3-102019 and Japanese Patent Application Laid-
Open No. H10-153247). If a feeding operation starts, the
intermediate plate is lifted by the rotation of the cam while
opening the spring pressure of a spring that biases the inter-
mediate plate, and a sheet on the intermediate plate is the
pressed against the feeding roller.

Incidentally, in such a sheet feeding apparatus of the
related art, the ascending speed when the intermediate plate
ascends by the rotation of the cam is determined depending on
the force of the spring that biases the intermediate plate and
the outer peripheral shape (profile) of the cam. Additionally,
the ascending speed of the intermediate plate, in other words,
the speed at which the top sheet of the stacked sheets abuts
against the feeding roller varies depending on the stack
amount of the sheets on the intermediate plate, and the speed
in a case where the stack amount is small increases more than
the speed in a case where the stack amount is large. In a case
where the speed at which the top sheet abuts against the
feeding roller in this way has increased, an abutment sound
(collision sound) is generated when the sheet abuts against the
feeding roller.

Here, in order to reduce this abutment sound (collision
sound), the rotating speed of the cam, in other words, the
rotating speed of the feeding roller may be made slow to make
the ascending speed of the intermediate plate slow. In addi-
tion, in a case where the rotating speed of the feeding roller is
made slow, there is a concern that an image cannot be suitably
formed on a sheet. After this, however, if the rotating speed of
the feeding roller is increased to the printing speed (process
speed) of the image forming apparatus, an image can be
suitably formed on a sheet.

However, in order to allow such speed control, it is neces-
sary to drive the feeding roller by a dedicated driving source.
However, generally, a driving source often serves also as
other driving sources of an image forming system and a
conveyance system. In this case, the feeding roller cannot be
rotated only at a constant speed. For this reason, only the
rotating speed of the feeding roller cannot be made slow, and
if the printing speed increases, the rotating speed of the feed-
ing roller increases and the ascending speed of the interme-
diate plate also increases correspondingly.
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That is, in the sheet feeding apparatus of the related art, the
driving source of the feeding roller serves as other driving
sources. Thus, it is not possible to arbitrarily change the
rotating speed of the rotating shaft to abate the abutment
sound. For this reason, although the elevating speed of the
intermediate plate depends on the profile of the cam, there is
a limit of sufficiently securing the reduction region of the
ascending speed of the intermediate plate only by the outer
peripheral shape of the cam.

Thus, the invention has been made in view of these circum-
stances, and an object thereof is to provide a sheet feeding
apparatus and an image forming apparatus that can reduce the
collision sound when a sheet abuts against a feeding roller and
suitably form an image on the sheet.

SUMMARY OF INVENTION
Technical Problem

A sheet feeding apparatus of the invention includes a lift-
able sheet stacking plate that supports a sheet; a feeding roller
that is provided above the sheet stacking plate and feeds the
sheet supported by the sheet stacking plate; a biasing unit that
biases the sheet stacking plate in a direction of the feeding
roller and presses the sheet stacked on the sheet stacking plate
against the feeding roller; a drive unit that generates a driving
force in order to rotate a shaft of the feeding roller; a lifting
and lowering unit that has a cam provided on the shaft of the
feeding roller and a pressure-contact portion that is provided
atthe sheet stacking plate and is brought into pressure contact
with the cam that lifts and lowers the sheet stacking plate
biased by the biasing unit with the rotation of the shaft of the
feeding roller while bringing the pressure-contact portion
into pressure contact with the cam; and a variable speed unit
that changes the rotating speed of the shaft of the feeding
roller that rotates under the driving of the drive unit. The
variable speed unit rotates the shaft of the feeding roller at a
first speed to lift the sheet stacking plate, and rotates the shaft
of the feeding roller at a second speed faster than the first
speed if the sheet stacked on the sheet stacking plate abuts
against the feeding roller.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1is a view illustrating the schematic configuration of
a printer that is an example of an image forming apparatus
including a sheet feeding apparatus related to a first exem-
plary embodiment of the invention.

FIG. 2 is a view illustrating the configuration of the sheet
feeding apparatus related to the first exemplary embodiment
of the invention.

FIGS. 3A, 3B, 3C, 3D, 3E, 3F, 3G and 3H are first views
illustrating the sheet feeding operation of the sheet feeding
apparatus related to the first exemplary embodiment of the
invention.

FIGS. 4A, 4B and 4C are second views illustrating the
sheet feeding operation of the sheet feeding apparatus related
to the first exemplary embodiment of the invention.

FIGS. 5A and 5B are third views illustrating the sheet
feeding operation of the sheet feeding apparatus related to the
first exemplary embodiment of the invention.

FIG. 6 is a view illustrating the flow of the sheet feeding
operation of the sheet feeding apparatus related to the first
exemplary embodiment of the invention.
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FIG. 7 is a view illustrating the timing of the sheet feeding
operation of the sheet feeding apparatus related to the first
exemplary embodiment of the invention.

FIGS. 8A and 8B are views illustrating the configuration of
a sheet feeding apparatus related to a second exemplary
embodiment of the invention.

FIGS. 9A and 9B are views illustrating the configuration of
a sheet feeding apparatus related to a third exemplary
embodiment of the invention.

FIGS. 10A and 10B are views illustrating the sheet feeding
operation of the sheet feeding apparatus related to the third
exemplary embodiment of the invention.

DESCRIPTION OF EMBODIMENTS

Hereinafter, exemplary embodiments of the invention will
be described in detail with reference to the drawings. FIG. 1
is a view illustrating the schematic configuration of a printer
that is an example of an image forming apparatus including a
sheet feeding apparatus related to a first exemplary embodi-
ment of the invention. In FIG. 1, reference numeral 1 repre-
sents a printer, reference numeral 1A represents a printer
body that is an apparatus body, reference numeral 5 is an
image forming unit that is provided in a printer body 1A and
performs image formation by an electrophotographic
method, and reference numeral 1B represents a sheet feeding
apparatus that feeds a sheet S to the image forming unit 5.

Here, the image forming unit 5 includes a laser exposure
device 5b, a photoconductive drum 5a that forms a toner
image, and a transfer roller 5d that transfers the toner image
formed on the photoconductive drum 5a to a sheet S. In
addition, reference numeral 5A represents a process cartridge
including the photoconductive drum 5a, a developing unit 5¢,
or the like, and the process cartridge 5A is detachably
mounted on the printer body 1A.

The sheet feeding apparatus 1B includes a feeding roller 3,
a sheet feed tray 2 that is a sheet storage unit, and an inter-
mediate plate 9 that is a sheet stacking plate that is liftably
provided at the sheet feed tray 2 and presses sheets S stored in
the sheet feed tray 2 to the feeding roller 3. Additionally, a
separation pad 10 brought into pressure contact with the
feeding roller 3 is provided on the downstream side of the
sheet feed tray 2 in a sheet feeding direction.

In such a sheet feeding apparatus 1B, when an image is
formed, sheets S are fed out from the sheet feed tray 2 by the
feeding roller 3, and then, the sheets S are separated one by
one by the separation pad 10 brought into pressure contact
with the feeding roller 3. In addition, the separation pad 10 is
held at a turning end of a separation pad holder 10¢ that has a
turning fulcrum 1056 below the intermediate plate 9, and is
biased toward the feeding roller 3 by a coil spring 10a.

Next, an image forming operation in the printer 1 of such a
configuration will be described. If the image forming opera-
tion is started, first, the feeding roller 3 rotates and the inter-
mediate plate 9 ascends with the rotation of the feeding roller
3. Then, sheets S stacked on the intermediate plate 9 are
pressed against the feeding roller 3, and the sheets S are then
fed out by the rotation of the feeding roller 3. Next, the sheets
S are separated one by one by the separation pad 10 and
conveyed by a conveying roller pair 4. Thereafter, if the tip of
a sheet S is detected by a sensor T1, a laser beam according to
an image signal is irradiated from the laser exposure device
5b to the photoconductive drum 5a that has a surface sub-
jected to a charging treatment and that is rotationally driven in
the direction of an arrow.

Then, as the light according to such an image signal is
irradiated, a latent image is formed on the photoconductive
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drum, and the latent image on the photoconductive drum is
developed with toner supplied by the developing unit 5¢, and
is visualized as a toner image. Thereafter, if the sheet S is
conveyed to a transfer unit formed by the transfer roller 54
and the photoconductive drum 5a, the visualized toner image
is transferred to the sheet S by applying a voltage, which has
polarity reverse to the toner image formed on the photocon-
ductive drum 5a, to the transfer roller 54.

Next, the sheet S on which the toner image has been trans-
ferred is conveyed to a fixing unit 5e arranged at an upper part
of the printer body. Then, when passing through the fixing
unit Se, the transferred toner image is fixed on the sheet as
heat and pressure is applied to the sheet S. Thereafter, the
sheet S on which the toner image has been fixed is conveyed
by a discharge roller pair 7 and discharged to a discharge unit
8 formed on the top face of the printer body 1A. In addition,
in FIG. 1, symbol M represents a main motor as a drive unit
that generates a driving force in order to rotate the feeding
roller 3 or the like. The driving of the main motor M is
transmitted to the feeding roller 3, the conveying roller pair 4,
the photoconductive drum 5aq, the fixing unit 5e, and a sheet
ejection roller pair 7 via a driving transmission unit, such as a
driving gear train. Additionally, in FIG. 1, reference numeral
50 represents a control unit that controls the operation of the
main motor M, and a solenoid 14 or the like to be described
below.

Here, in the present exemplary embodiment, the feeding
roller 3 of the sheet feeding apparatus 1B, as illustrated in
FIG. 2, has a configuration in which a rubber portion 3a in
which a portion of a circumference surface is cut out is fixed
to a rotating shaft 6. Additionally, the intermediate plate 9 is
vertically turnably supported on the sheet feed tray 2 via
fulcrums 9¢ provided on the upstream side in the sheet feed-
ing direction of side wall portions 9A vertically provided at
both ends in a width direction orthogonal to the sheet feeding
direction, and sheets are set on the intermediate plate such
that the tips thereof are aligned with the turning end 94 of the
intermediate plate 9. Additionally, the intermediate plate 9 is
biased toward the feeding roller 3 by coil springs 94 that are
biasing members arranged below both ends in the width
direction on the downstream side in the sheet feeding direc-
tion.

Cams 11 are fixed to both ends of the rotating shaft 6 in the
width direction, and pressure-contact portions 95 that abut
against the right and left cams 11, respectively, are formed on
the top faces of the side wall portions 9A of the intermediate
plate 9 on the downstream side in the sheet feeding direction.
Then, as the rotating shaft 6 rotates and the cams 11 rotate, the
intermediate plate 9 ascends and descends. That is, in the
present exemplary embodiment, a lifting and lowering unit
11A thatlifts and lowers the intermediate plate 9 biased by the
coil springs 9a together with the rotation of the rotating shaft
6 of the feeding roller 3 is constituted by the cams 11 and the
pressure-contact portions 96 of the intermediate plate 9.

Additionally, a sheet feed tooth-missing stage gear 12 that
is atooth-missing gear having a tooth-missing portion is fixed
to the outside of one cam 11 of the rotating shaft 6. In addition,
the sheet feed tooth-missing stage gear 12 is regulated in
rotation by the solenoid 14, and meshes with an input stage
gear 13 fixed to an input shaft 13a¢ to which a rotational
driving force is transmitted via the driving transmission unit
from the main motor M if the regulation by the solenoid 14
released.

Here, the input stage gear 13 that is a driving gear, as
illustrated in FIGS. 3A to 3H, is a stage gear integrally having
a large gear 135 that is a large driving gear, and a small gear
13¢ thatis a small driving gear, and rotates in a direction 0of R2
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at a constant speed integrally with the input shaft 13a. Addi-
tionally, the sheet feed tooth-missing stage gear 12 has a
tooth-missing large gear 12a, a cam face 125, and a tooth-
missing small gear 12¢. In the present exemplary embodi-
ment, a variable speed unit 19 that is provided between the
main motor M and the lifting and lowering unit 11A and that
is constituted by the input stage gear 13 and the sheet feed
tooth-missing stage gear 12 changes the rotating speed of the
rotating shaft 6 from a first speed to a second speed faster than
the first speed. This changes the rotating speed of the feeding
roller 3 and the ascending speed of the intermediate plate 9.
That is, the variable speed unit 19 has a function as a driving
transmission unit that transmits driving from the main motor
M to the lifting and lowering unit 11A.

In addition, in FIGS. 3A to 3H, reference numeral 15
represents a sheet feed gear spring of which one end is locked
to a locking portion 12e formed on the side surface of the
tooth-missing small gear 12¢ of the sheet feed tooth-missing
stage gear 12 and the other end is locked to a fixed shaft 27
provided at a frame (not illustrated) of the printer body 1A.
Then, the sheet feed tooth-missing stage gear 12 is biased by
the sheet feed gear spring 15 that constitutes a gear biasing
unit so as to rotate in a direction of R1, that is, in a direction
in which the feeding roller 3 is rotated in the sheet feeding
direction.

FIG. 3A, and FIG. 3B, which is a view when FIG. 3A is
viewed from the input stage gear 13 side, illustrate a state
before sheet feeding operation is started. At this time, the
tooth-missing large gear 12a¢ and tooth-missing small gear
12¢ of the sheet feed tooth-missing stage gear 12 do not mesh
with the large gear 136 and small gear 13c¢ of the input stage
gear 13.

In addition, although a rotative force in the direction of R1
illustrated by a broken line is applied to the sheet feed tooth-
missing stage gear 12 by the tension of the sheet feed gear
spring 15, as illustrated in FIG. 3A, a locking claw 14a of the
solenoid 14 is locked to a stepped portion 124 of the sheet
feed tooth-missing stage gear 12. Thereby, the sheet feed
tooth-missing stage gear 12 is held in a state where the tooth-
missing large gear 12a and the tooth-missing small gear 12¢
do not mesh with the large gear 135 and small gear 13¢ of the
input stage gear 13, that is, a stop (sheet feed standby) state.

Additionally, FIG. 4A illustrates a state where the interme-
diate plate 9 is at an initial position before sheet feeding. At
this time, the pressure-contact portions 94 of the intermediate
plate 9 are depressed by the cams 11 about the fulcrums 9¢
while compressing the coil spring 94, and thereby, the tip
portion of a sheet S on the intermediate plate 9 is spaced apart
from the feeding roller 3.

Next, if the sheet feeding operation is started, the control
unit 50 turns on the solenoid 14, and as illustrated in FIG. 4B,
releases the locking of the locking claw 14a. Thereby, as
illustrated in FIGS. 3C and 3D, the sheet feed tooth-missing
stage gear 12 starts rotation in the direction of R1 by the
tension of the sheet feed gear spring 15. Then, the tooth-
missing large gear 12a of the sheet feed tooth-missing stage
gear 12 meshes with the small gear 13¢ of the input stage gear
13 that receives the driving of the main motor M and is
rotationally driven in the direction of arrow R2.

Then, as the tooth-missing large gear 124 of the sheet feed
tooth-missing stage gear 12 meshes with the small gear 13¢ of
the input stage gear 13 in this way, as illustrated in FIG. 4B,
the rotational driving in a direction of arrow R3 is transmitted
to the rotating shaft 6, and the cams 11 rotate at a predeter-
mined angle. At this time, since the tooth-missing large gear
12a of the sheet feed tooth-missing stage gear 12 meshes with
the small gear 13¢ of the input stage gear 13, the sheet feed
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tooth-missing stage gear 12 and the cams 11 rotate slowly
with respect to the rotation of the input stage gear 13. That is,
the rotating shaft 6 and the cams 11 rotate at the first speed that
is a relatively slow speed. Then, if the cams 11 rotate slowly
in this way, the coil springs 9a compressed by the cams 11 are
slowly opened. Thus, the intermediate plate 9 also ascends
while the speed thereof is reduced, and the sheet S on the
intermediate plate 9 slowly abuts against the feeding roller 3.
As aresult, the collision sound when the sheet S abuts against
the feeding roller 3 decreases.

In addition, at this time, as illustrated in FIG. 3D, the large
gear 135 of the input stage gear 13 and the tooth-missing
small gear 12¢ of the sheet feed tooth-missing stage gear 12
do not mesh with each other yet. Additionally, if the sheet feed
tooth-missing stage gear 12 starts rotation, the solenoid 14 is
turned off. Thereby, the locking claw 14a is returned and
abuts on the cam face 126 of the sheet feed tooth-missing
stage gear 12, and then, locks the stepped portion 124 and
locks the sheet feed tooth-missing stage gear 12 again when
the stepped portion 124 has turned.

Next, if the intermediate plate 9 ascends, as illustrated in
FIG. 3E, the meshing between the tooth-missing large gear
12a of the sheet feed tooth-missing stage gear 12 and the
small gear 13¢ of the input stage gear 13 is completed. In
addition, at this time, as illustrated in FIG. 3F, the tooth-
missing small gear 12¢ of the sheet feed tooth-missing stage
gear 12 and the large gear 135 of the input stage gear 13 does
not mesh with each other yet.

Here, at this time, since the sheet feed gear spring 15 exerts
tension still in an extended state, then, the sheet feed tooth-
missing stage gear 12 continues being rotated by the sheet
feed gear spring 15, and the tooth-missing small gear 12¢ of
the sheet feed tooth-missing stage gear 12 meshes with the
large gear 135 of the input stage gear 13 eventually. Thereby,
as illustrated in FIG. 4C, a rotative force is transmitted to the
rotating shaft 6 again.

Here, in a case where the tooth-missing small gear 12¢ of
the sheet feed tooth-missing stage gear 12 meshes with the
large gear 135 ofthe input stage gear 13 in this way, the sheet
feed tooth-missing stage gear 12 rotates fast with respect to
the rotating speed of the input stage gear 13. Namely, the
rotating shaft 6 and the feeding roller 3 rotate at the second
speed faster than the first speed. In addition, in the present
exemplary embodiment, the rotating speed of the sheet feed
tooth-missing stage gear 12 at this time is equal to the process
speed of the printer body 1A. Then, after only one top sheet
fed out by the feeding roller 3 that rotates at such a rotating
speed is separated by the separation pad 10 and the feeding
roller 3 that are illustrated in FIG. 2, the top sheet is fed out to
the conveying roller pair 4 at a process speed by the feeding
roller 3 and conveyed toward the image forming unit 5.

Next, if the separation work of the sheet S by the feeding
roller 3 and the separation pad 10 ends and the sheet S is
passed to the conveying roller pair 4 after the fed-out sheet has
reached the conveying roller pair 4, as illustrated in FIGS. 5A
and 5B, the cams 11 presses the pressure-contact portions 95
of the intermediate plate 9 downward. Thereby, the interme-
diate plate 9 descends and the sheet S on the intermediate
plate is spaced apart from the feeding roller 3.

Thereafter, if the sheet feed tooth-missing stage gear 12, as
illustrated in FIG. 3H, rotates to a position where the meshing
between the large gear 135 of the input stage gear 13 and the
tooth-missing small gear 13¢ of the sheet feed tooth-missing
stage gear 12 ends, a rotational driving force is no longer
transmitted to the sheet feed tooth-missing stage gear 12. In
addition, at this time, as illustrated in FIG. 3G, the small gear
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13¢ of the input stage gear 13 and the tooth-missing large gear
12a of the sheet feed tooth-missing stage gear 12 does not
mesh with each other.

However, even in a case where the rotational driving force
of the sheet feed tooth-missing stage gear 12 is lost in this
way, the sheet feed gear spring 15 is still in an extended state.
For this reason, thereafter, the sheet feed tooth-missing stage
gear 12 rotates in the direction of R1 by the tension of the
sheet feed gear spring 15, and the small gear 13¢ of the input
stage gear 13 and the tooth-missing large gear 12a of the sheet
feed tooth-missing stage gear 12 meshes with each other.
Thereby, the sheet feed tooth-missing stage gear 12 rotates,
and eventually returns to the same initial position as FIG. 3A.
At this time, the sheet feed tooth-missing stage gear 12 does
not mesh with the input stage gear 13, and is locked by the
locking claw 144 of the solenoid 14 while receiving tension in
the direction of R1 by the sheet feed gear spring 15.

Incidentally, when a continuous printing job of a plurality
of sheets is received, the sheet-to-sheet setting between a
preceding sheet and a subsequent sheet may become short. In
this case, as illustrated in F1G. 4B, the feeding operation of the
following sheet begins while the rear end of the preceding
sheet still remains within the sheet feeding apparatus when
the sheet feed tooth-missing stage gear 12 and the cams 11
have returned to their initial positions. At this time, the sheet
S and the feeding roller 3 are spaced apart from each other and
the feeding roller 3 and the separation pad 10 do not abut
against each other. For this reason, the preceding sheet is fed
out by the conveying force of the conveying roller pair 4, and
when the next sheet abuts against the feeding roller 3 and the
feeding operation by the feeding roller 3 begins, the rear end
of the preceding sheet comes out of a feeding unit.

Inaddition, FIG. 6 is a view illustrating the flow of the sheet
feeding operation of the sheet feeding apparatus 1B related to
the present exemplary embodiment, using the positions of the
cams 11 and the intermediate plate (sheet), ON and OFF of
the solenoid 14, and the rotation of the sheet feed tooth-
missing stage gear 12 and the input stage gear 13. Addition-
ally FIG. 7 is a view illustrating respective timings of the
meshing of the solenoid 14 and the gears 12 and 13, the
rotation of the cams 11, the ascent and descent of the inter-
mediate plate 9, and the sheet feeding in accordance with the
advance by the rotation of the cams 11.

If the schematic view of FIG. 6 is described in order from
the top and the timing chart of FIG. 7 is described in order
from the position of a cam rotation angle of 0° to the right, the
tooth-missing large gear 12a of the sheet feed tooth-missing
stage gear 12 meshes with the small gear 13¢ of the input
stage gear 13, with the operation (ON) of the solenoid 14 as a
start. In addition, at this time, the input stage gear 13 is always
rotated. Then, if the tooth-missing large gear 124 of the sheet
feed tooth-missing stage gear 12 meshes with the small gear
13¢ of the input stage gear 13 in this way, the cams 11 turn
slowly to delay the rotating shaft 6. Thereby, the intermediate
plate 9 ascends slowly.

Next, if the pressure contact between the cams 11 and the
pressure-contact portions 96 of the intermediate plate 9 is
released and the intermediate plate 9 that has ascended
reaches a sheet feed separation position where the feeding of
a sheet by the feeding roller 3 is allowed, the meshing of the
tooth-missing large gear 12a of the sheet feed tooth-missing
stage gear 12 with the small gear 13¢ of the input stage gear 13
is completed. Thereby, the rotation of the cams 11 stops and,
the ascent of the intermediate plate 9 is completed corre-
spondingly. Thereafter, switching to the meshing between the
tooth-missing small gear 12¢ of the sheet feed tooth-missing
stage gear 12 and the large gear 135 of the input stage gear 13
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is made. Thereby, the cams 11 starts rotating, and the cams 11
and the rotating shaft 6 are quickly turned.

Thereby, the feeding roller 3 separates the top sheet at a
predetermined process speed and feeds out the sheet to the
conveying roller pair 4, and the intermediate plate 9 descends.
Moreover, if the cams 11 rotate to depress the intermediate
plate 9, the sheet feed tooth-missing stage gear 12 reaches a
tooth-missing position to end the meshing, the driving from
the input stage gear 13 is cut off, and the cams 11 and the
intermediate plate 9 return to their initial positions. In addi-
tion, FIGS. 6 and 7 illustrates the timing when the next feed-
ing operation is started before the rear end of a preceding
sheet comes out of a sheet feeding unit in a case where a
continuous printing job of a plurality of sheets is received and
the sheet-to-sheet setting between the preceding sheet and the
subsequent sheet is shortened.

As described above, in the present exemplary embodiment,
if the sheet feeding operation is started, first, the sheet feed
tooth-missing stage gear 12 and the input stage gear 13 are
made to mesh with each other so as to be a reduction ratio in
which the rotating speed of the cams 11 becomes slow. Addi-
tionally, during the separation of a sheet by the feeding roller
3 and the feeding-out of the sheet to the conveying roller pair
4, the sheet feed tooth-missing stage gear 12 and the input
stage gear 13 are made to mesh with each other in a reduction
ratio such that the feeding roller 3 is rotated at a predeter-
mined process speed.

By setting the rotating speed of the rotating shaft 6 and the
cams 11 during the ascent of the intermediate plate to the
relatively slow first speed in this way, the ascending speed of
the intermediate plate 9 can be slowed down, and as a result,
the collision sound when the sheet on the intermediate plate
abuts against the feeding roller 3 can be reduced. Addition-
ally, during the separation feeding operation of a sheet, the
feeding roller 3 can be rotated at a predetermined process
speed by increasing the rotating speed of the rotating shaft 6
and the feeding roller 3 to the second speed faster than the first
speed.

That is, in the present exemplary embodiment, the ascend-
ing speed of the intermediate plate 9 that ascends by one
rotational driving of the cams 11 (input stage gear 13) can be
slowed down by making the sheet feed tooth-missing stage
gear 12 to mesh with the input stage gear 13 that rotates at a
constant speed. Thereby, even in a case where an independent
driving source is not provided or a driving source that can
supply only constant-speed rotational driving is provided, the
collision sound when a sheet on the intermediate plate abuts
against the feeding roller 3 can be reduced, and a sheet feed-
ing apparatus having excellent silence can be provided.

Next, a second exemplary embodiment of the invention
will be described. FIGS. 8A and 8B are views illustrating the
configuration of a sheet feeding apparatus related to the
present exemplary embodiment of the invention. In addition,
in the present exemplary embodiment, the same reference
numerals as FIGS. 3A to 3H represent the same or equivalent
portions.

In FIGS. 8A and 8B, reference numeral 16 represents a
sheet feed tooth-missing stage gear, and the sheet feed tooth-
missing stage gear 16 includes a tooth-missing large gear 16a,
a cam face 165, and a tooth-missing small gear 16¢. In addi-
tion, FIGS. 8A and 8B illustrates the moment when the inter-
mediate plate 9 ascends, the meshing between the small gear
13¢ ofthe input stage gear 13 and the tooth-missing large gear
164 of the sheet feed tooth-missing stage gear 16 ends and
meshing is switched to the large gear 135 of the input stage
gear 13 and the tooth-missing small gear 16¢ of the sheet feed
tooth-missing stage gear 16.
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Here, in the present exemplary embodiment, the input
stage gear 13 has such a relationship that the phase of the
meshing end of the small gear 13¢ and the phase of the
meshing start of the large gear 135 coincide with each other.
For example, in a case where the module of a gear is 1, the
switching phase of the meshing of the large gear 135 and the
small gear 13¢ with the sheet feed tooth-missing stage gear 16
is set after the number of teeth of the large gear 135 is set so
as to become an integral multiple of the number of teeth of the
small gear 13c.

On the other hand, the tooth-missing large gear 16a and
tooth-missing small gear 16¢ of the sheet feed tooth-missing
gear 16 that mesh with the input stage gear 13 also have the
same relationship. Moreover, the sheet feed tooth-missing
gear 16 is arranged so that the phase of the meshing end of the
tooth-missing large gear 164 the phase of the meshing start of
the tooth-missing small gear 16¢ match each other, and
switches meshing from the tooth-missing large gear 16a to
the tooth-missing small gear 16¢.

In this way, in the present exemplary embodiment, the
phases and mutual meshing phases of each large gear and
each small gear are matched when the meshing between the
input stage gear 13 and the sheet feed tooth-missing stage
gear 16 is switched. Thereby, if the meshing between the
small gear 13¢ of the input stage gear 13 and the tooth-
missing large gear 16a of the sheet feed tooth-missing stage
gear 16 ends, the tooth-missing small gear 16¢ of the sheet
feed tooth-missing stage gear 16 can be made to mesh with
the large gear 1356 of the input stage gear 13. By adopting such
a configuration, the switching of meshing between the tooth-
missing gear 16a or 16¢ of the sheet feed tooth-missing stage
gear 16 and the gear 135 or 13¢ of the input stage gear 13 is
allowed without using a sheet feed gear spring that has a large
spring force.

Next, a third exemplary embodiment of the invention will
be described. FIGS. 9A and 9B are views illustrating the
configuration of a sheet feeding apparatus related to the
present exemplary embodiment of the invention. In addition,
in the present exemplary embodiment, the same reference
numerals as FIGS. 3 A to 3H represent the same or equivalent
portions.

In FIGS. 9A and 9B, reference numerals 20 and 21 repre-
sent cams with a symmetrical shape provided at both ends of
the rotating shaft 6, reference numeral 25 represents cam
pressing members that presses the cams 20 and 21, and ref-
erence numeral 24 represents side plates that hold the rotating
shaft 6 and supports the cam pressing members 25 to be
vertically movable. The side plate 24, as illustrated in FIG.
9A, is provided with a guide hole 24a for allowing the cam
pressing member 25 to be vertically movable, and a spring 26
that biases the cam pressing member 25 upward.

Here, the cam 21, as illustrated in FIGS. 10A and 10B,
includes a first cam face 21a that abuts against the pressure-
contact portion 95 ofthe intermediate plate 9 with the rotation
of'the rotating shaft 6 in the direction of R3, and a second cam
face 215 that is an abutting portion that abuts against the cam
pressing member 25 and lifts and lowers the cam pressing
member 25. In addition, the cam 21 also has the same con-
figuration.

Then, if the rotating shaft 6 rotates and the cam 21 rotate,
first, as illustrated in FIG. 10A, the intermediate plate 9
ascends while making the pressure-contact portion 96 abut
against the first cam face 21a. In addition, at this time, the
second cam face 215 does not abut against the cam pressing
member 25. However, if the intermediate plate 9 ascends
further, the second cam face 215 abuts against the cam press-
ing member 25. Then, when the intermediate plate 9 has

10

20

40

45

55

10
ascended, as illustrated in FIG. 10B, the second cam face 215
depresses the cam pressing member 25 while compressing
the spring 26 downward.

Next, if the cam 21 rotates further, the cam pressing mem-
ber 25 passes through the deflection point of the second cam
face 215b. In this case, the compressive force of the spring 26
is opened, and thereby, the cam 21 is pressed in a direction in
which the cam further continues its rotation via the second
cam face 215, and urges the rotation of the rotating shaft 6.
Here, the meshing state between the input stage gear 13 and
the sheet feed tooth-missing gear 12 at this time is the same as
FIG. 3E, and the input stage gear 13 and the sheet feed
tooth-missing gear 12 do not mesh with each other.

In addition, in the present exemplary embodiment, when
the tooth-missing large gear 12a of the sheet feed tooth-
missing stage gear 12 that meshes with the small gear 13¢ of
the input stage gear 13 has ended its meshing, as illustrated in
FIG. 10B, the intermediate plate 9 is at a lifted position.
Additionally, at this time, as illustrated in FIG. 3F, the tooth-
missing small gear 12¢ of the sheet feed tooth-missing stage
gear 12 that meshes with the large gear 135 of the input stage
gear 13 next is at a position (phase) that the tooth-missing
portion faces the large gear 135, and the rotation from the
input stage gear 13 is not transmitted to the sheet feed tooth-
missing stage gear 12.

However, in the present exemplary embodiment, as illus-
trated in FIG. 10B, the cam pressing member 25 pushes up the
second cam face 215 of the cam 21 in the rotational direction.
Thereby, the rotating shaft 6 can be rotated, and as a result, a
toothed portion of the tooth-missing small gear 12¢ of the
sheet feed tooth-missing stage gear 12 can be made to mesh
with the large gear 135 of the input stage gear 13.

In this way, in the present exemplary embodiment, after the
intermediate plate 9 has ascended, the cams 20 and 21 are
rotated by the cam pressing members 25, and the tooth-
missing small gear 16¢ of the sheet feed tooth-missing stage
gear 16 is made to mesh with the large gear 135 of the input
stage gear 13. Thereby, the tooth-missing small gear 16¢ of
the sheet feed tooth-missing stage gear 16 can be made to
mesh with the large gear 135 of the input stage gear 13.

In this way, in the present exemplary embodiment, the
cams 20 and 21 are rotated by the cam pressing members 25
after the intermediate plate 9 has ascended. Thereby, if the
meshing between the small gear 13¢ of the input stage gear 13
and the tooth-missing large gear 16a of the sheet feed tooth-
missing stage gear 16 ends, the tooth-missing small gear 16¢
of the sheet feed tooth-missing stage gear 16 can be made to
mesh with the large gear 135 of the input stage gear 13. By
adopting such a configuration, the switching of meshing
between the tooth-missing gear 16a or 16¢ of the sheet feed
tooth-missing stage gear 16 and the gear 136 or 13¢ of the
input stage gear 13 is allowed without using a sheet feed gear
spring that has a large spring force.

The present invention is also realized by execution of the
following process. That is a process in which software (pro-
gram) for realizing the functions of the embodiment is sup-
plied to a system or an apparatus through a network or various
storage media, and a computer (or CPU or MPU) of the
system or the apparatus reads and executes the program.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.
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This application claims the benefit of Japanese Patent
Application No. 2012-086032, filed Apr. 5, 2012, which is
hereby incorporated by reference herein in its entirety.

REFERENCE SIGNS LIST

1: printer

1A: printer body

3: feeding roller

5: image forming unit

1B: sheet feeding apparatus
6: rotating shaft

9: intermediate plate

9a: coil spring

95b: pressure-contact portion
11: cam

11A: lifting and lowering unit
12: sheet feed tooth-missing stage gear
12a: tooth-missing large gear
12¢: tooth-missing small gear
13: input stage gear

1354: large gear

13¢: small gear

14: solenoid

15: sheet feed gear spring

16: sheet feed tooth-missing stage gear
16a: tooth-missing large gear
16¢: tooth-missing small gear
19: variable speed unit

20, 21: cam

25: cam pressing member

50: control unit

M: main motor

S: sheet

The invention claimed is:

1. A sheet feeding apparatus comprising:

a liftable sheet stacking plate that supports a sheet;

a feeding roller that is provided above the sheet stacking
plate and feeds the sheet supported by the sheet stacking
plate;

a biasing unit that biases the sheet stacking plate in a
direction of the feeding roller to press the sheet stacked
on the sheet stacking plate against the feeding roller;

a drive unit that generates a driving force in order to rotate
a shaft of the feeding roller;

a lifting and lowering unit that has a cam provided on the
shaft of the feeding roller and a pressure-contact portion
that is provided at the sheet stacking plate and is brought
into pressure contact with the cam and that lifts and
lowers the sheet stacking plate biased by the biasing unit
with the rotation of the shaft of the feeding roller while
bringing the pressure-contact portion into pressure con-
tact with the cam; and

avariable speed unit that changes the rotating speed of the
shaft of the feeding roller that rotates under the driving
of the drive unit,

wherein the variable speed unit rotates the shaft of the
feeding roller at a first speed to lift the sheet stacking
plate, and rotates the shaft of the feeding roller at a
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second speed faster than the first speed if the sheet
stacked on the sheet stacking plate abuts against the
feeding roller,

wherein the variable speed unit includes a driving gear that
is fixed to an input shaft driven and rotated by the drive
unit and that has a first driving gear and a second driving
gear larger than the first driving gear, and a tooth-miss-
ing gear that is fixed to the shaft of the feeding roller and
that has a first tooth-missing gear and a second tooth-
missing gear larger than the first tooth-missing gear,

wherein the shaft of the feeding roller rotates at the first
speed as the first driving gear that is driven and rotated
by the drive unit meshes with the second tooth-missing
gear, and rotates at the second speed as the second driv-
ing gear that is driven and rotated by the drive unit
meshes with the first tooth-missing gear, and

wherein the sheet feeding apparatus further comprises a
gear biasing unit that biases the tooth-missing gear so as
to rotate in a direction in which the feeding roller is
rotated and that rotates the tooth-missing gear so that the
second tooth-missing gear meshes with the first driving
gear if the feeding of the sheet is started.

2. The sheet feeding apparatus according to claim 1,

wherein the variable speed unit has a driving transmission
unit that transmits the driving of the drive unit to the
lifting and lowering unit.

3. The sheet feeding apparatus according to claim 1,

wherein the drive unit rotates at a constant speed.

4. The sheet feeding apparatus according to claim 1,

wherein the gear biasing unit rotates the tooth-missing gear
so that the first tooth-missing gear meshes with the sec-
ond driving gear after the meshing of the second tooth-
missing gear with the first driving gear is completed.

5. The sheet feeding apparatus according to claim 1,

wherein the first tooth-missing gear of the tooth-missing
gear is provided so as to mesh with the second driving
gear when the meshing of the second tooth-missing gear
with the first driving gear by the gear biasing unit is
completed.

6. The sheet feeding apparatus according to claim 1, further

comprising:

a pressing portion that presses the cam when the meshing
of the second tooth-missing gear with the first driving
gear by the gear biasing unit is completed, and rotates
the tooth-missing gear so that the first tooth-missing
gear meshes with the second driving gear.

7. The sheet feeding apparatus according to claim 6,

wherein the cam is provided with an abutting portion
against which the pressing portion abuts if the meshing
of the second tooth-missing of the tooth-missing gear
with the first driving gear is completed and of which the
abutment against the pressing portion is released if the
first tooth-missing gear meshes with the second driving
gear.

8. An image forming apparatus comprising:

an image forming unit that forms an image on a sheet; and

the sheet feeding apparatus according to claim 1 that feeds
the sheet to the image forming unit.
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